The objective of this study was to investigate effect of the steamed soybeans inoculated with Rhizopus oligosporus in advance then Bacillus subtilis on the protein of fermentd soybeans. Soluble nitrogen content and degree of hydrolysis of soy protein increased with increasing fermenting time both of the two-step fermentation and single starter culture of B. subtilis. The amino acid composition of the two-step fermented product fluctuant during fermentation, of which glutamic and aspartic acids had the highest content. However, The most bands of soy protein components with molecular weight above 20 kDa on electrophoretogram of the product by the two-step fermentation became faint. It meant the concentration of these proteins decreased after 24 h of fermentation.
Introduction
Many of the traditional fermentation starters are naturally mixed culture systems, consumers often prefer the traditional fermented products made by a natural starter culture. Production of fermented condiments is initially mediated by a diverse microbial flora. They play a role in flavour development and influence the chemical composition through substrate modification and synthesis of vitamins (Nout and Rombouts, 1995) . The use of a single strain would seem too restrictive for the production of a foodstuff with a generous range of organoleptic characteristics. The use of a mixture of microorganisms with complementary physiological and metabolic properties seems to be the best approach for obtaining a product with the nutritional and sensory properties desired (Achi, 2005) .
There are many traditional fermented soy foods, such as tempeh, miso, soy sauces and natto. In order to improve the characteristics and bioactivity of the fermented soybean, to utilize the mixed cultures of Rhizopus oligosporus and B. subtilis by a two-step process were used to ferment the steamed soybean to make a natto-or tempeh-like products. R. oligosporus is a mold used in tempeh making, which is one of the most important indigenous fermentation soybean foods originating in Indoneasia. Many excellent results were obtained in characterization of tempeh mold such as acid protease (Wang et al., 1974; Wang and Hesseltine, 1970) , milk-clotting enzyme (Wang et al., 1969) and trypsine inhibitor for commercial production.
Fermented soybean inoculated with mono and mixed cultures of Bacillus species exhibited different proteolytic enzyme activities and free amino acids production (Omafuvbe1 et al., 2002) , Aderibigbe and Odunfa (1990) reported that the fermentations inoculated with mono and mixed cultures of Bacillus species exhibited different proteolytic enzyme activities, in their study on extracellular enzyme production by Bacillus species isolated from fermenting African locust bean (Parkia biglobosa) seeds. Nanson et al. (1982) utilize combination of Bacillus subtilis, Bacillus cereus and Pseudomonas maltophilia to ferment corn meal. They found that the product obtained from the fermentation by this mixed culture had significantly higher relative nutritive value than the products obtained from the single starter fermentation. Tongnual et al. (198l) indicated that the enzymes of each bacterium were different and allowed either more proteolysis or synthesis during fermentation than would occur when using only one microorganism.
The physiological characteristics of microbial strains and Analytical, Sweden) and placed in a digestive flask for Kjeldahl analysis. TCA soluble nitrogen content was determined using the following equation:
TCA soluble nitrogen content: (%)= (A-B) × N × 14.01 × f / g of sample × 10 where A is 0.05 M HCl volume (mL) used for sample titration, B is the 0.05 M HCl volume (mL) used for blank titration, N is the normality of titration solution (0.1 N), f is the nitrogen factor in soybean (5.71).
Protein solubility Protein solubility was determined using the method described by Machado et al. (2008) based on the soluble nitrogen determination in 0.2% sodium hydroxide solution. The results were expressed as percent of soluble nitrogen in relation to the total nitrogen in the sample. Natto (2 g) was stirred with 100 mL of 0.2% sodium hydroxide solution at 150 rpm for 20 min. at 25℃ and centrifuged at 3840 × g for 15 min. The supernatant (15 mL) was subsequently used for protein determination using the Kjedhal method. The soluble nitrogen percentage (SN%) was determined by using the following formulas: where VS is the 0.05 M HCl volume (mL) used for sample titration, VB is the 0.05 M HCl volume(mL) used for blank titration, f is the HCl standardization factor, and SW is the sample weight and TN is the total nitrogen content in the sample.
Determination of the degree of hydrolysis (DH) Sample preparation: 1 g of natto was mixed with 9 mL of distilled water and allowed to stand for one day at 4℃. The sample was then centrifuged at 9,000 × g for 30 min. The resulting supernatant was used to determine the degree of hydrolysis (DH) using the quantification of ο-phthaldialdehyde (OPA) spectrophotometric assay, as described by Church et al. (1983) . The OPA solution was prepared by combining 12.5 mL of 100 mM sodium tetraborate, 1.25 mL of 20% SDS, 0.5 mL of the solution prepared with 40 mg of OPA dissolved in 1 mL methanol and 50 μL of β-mercaptoethanol to a total volume of 25 mL. An aliquot of 50 μL of the hydrolysates was added to 1 mL OPA solution. The solution was mixed by inversion, incubated for 2 min at room temperature, and the absorbance at 340 nm was measured with a spectrophotometer (Hitachi, U-2800).
The peptide content was calculated by the following regression equation obtained from standard dipeptides (Leu-Gly): y = 0.33x + 0.0366, R 2 = 0.9979 (where y is the values their interactions for growth and biosynthesis of functional compounds are now under investigation, but more studies on the interaction of different species of microorganisms in a fermentation system are needed. The purpose of this study was to investigate the effect of the two-step fermentation of R. oligosporus in advance then B. subtilis on the protein of the fermented soybean, and to compare the protein of the steamed soybean fermented by the two-step fermentation to which fermented by the single starter culture of B. sublitis.
Materials and Methods
Preparation of natto Natto fermentation was conducted according to the procedure described by Gibbs et al. (2004) . Fifty grams of soybean were washed and soaked in distilled water overnight until the weight was doubled. The soaked beans were steamed at 121℃ for 30 min, and cooled to 40℃, and then inoculated with Bacillus subtilis var, natto Starter (Nattomoto, Yuzo Takahashi Laboratory Co., Japan) approximately 1mL (0.1g nattomoto plus 10mL sterilized water), then incubated at 43℃ for 24, 36 and 48 h. After fermentation the samples were stored at 4℃ overnight to complete maturation prior to analysis.
Preparation of tempeh Tempeh fermentation was also conducted using the method described by Gibbs et al.(2004) . Fifty grams of soybean were utilized under the same conditions as the natto preparation. The steamed soybean was inoculated with Rhizopus oligosporus (0.1g/50g inoculum, P. T. Aneka Fermentasi Industri, Indonesia ) and incubated at 37℃ for 24, 36 and 48 h. After fermentation the samples were stored at 4℃ overnight to complete maturation prior to analysis.
Two-step fermentation Fermentations were carried out in a two-step process, the R. oligosporus was inoculated in advance in the first stage of each fermentation process, then the B. subtili in the second stage.
The steamed soybean was inoculated with R. oligosporus at 37℃ for 12, 18 and 24 h, respectively, and then inoculated with B. subtilis and incubated at 43℃ for 12, 18 and 24 h, respectively. After fermentation the samples were also stored at 4℃ overnight to complete maturation.
TCA(trichloroacetic acid) soluble nitrogen content TCA soluble nitrogen was determined using a method modified from Nagai et al. (1994) . A 5 g sample of dried natto was placed in a volumetric flask along with 100 mL of deionized water, and then mixed with a magnetic stirrer. Next, 10 mL of the mixed solution was mixed with 20 mL of 10% trichloroacetic acid (TCA) solution and stored at 4℃ to extract for 16 h, then filtrated througt Whatman #1 filter paper. A 5 mL sample of the filtrate was mixed with 15 mL of concentrated sulfuric acid and one granule of Kjeldahl detector (FOSS 1 h with vortexing every 10 min. Samples were then centrifuged at room temperature for 20 min at 11,000 × g. The protein content of the supernatant was determined following the Bradford method (Bradford, 1976) . The protein concentration of the supernatant was adjusted to 4 mg/mL with distilled water, and 20 μL of the distilled extract was mixed with 20 μL of SDS-sample buffer [ (0.15 M Tris-HCl, pH6.8, 4% SDS( w/v), 5% β-ME( v/v ) ) and heated at 96℃ for 5 min. A 20 μL sample of the solution containing 40 μg of protein was then cooled to room temperature (20℃) and loaded onto a gel containing 12% polyacrylamide. SDS-PAGE was performed in a vertical electrophoresis unit (Mini-Protein 3 Electrophoresis Cell, Bio-Rad) at 100 V constant voltage for 1h, followed by 125 V constant voltage until the tracking dye migrated to the bottom edge of the gel (6 h). Gels were stained with Coomassie Brilliant Blue R-250 (0.05%, w /v) and destained in the same solution without the dye.
Statistical Analysis
The data was obtained from the samples after three repetitions of fermentation. Each sample was analyzed three times and expressed as mean ± standard deviation. Analysis of variance was performed by ANOVA procedures. Duncan's multiple range test was used to determine the differences of means, and p < 0.05 was considered statistically significant.
Results and Discussion
TCA-soluble nitrogen content and protein solubility TCA-soluble nitrogen content and protein solubility of the steamed soybean fermented by two-step fermentation of R. oligosporus and B. subtilis were shown in Table 1 . The result revealed that the content of TCA-soluble nitrogen increased remarkably (p < 0.05) with the fermentation time. Visessanguan et al. (2005) reported that TCA-soluble peptides of fermented soybean were increased during fermentation. The higher rate and extent of proteolytic degradation of soy proteins during fermentation was correlated with higher amounts of absorbance, x is the peptide content, and R 2 is the coefficient of determination). The DH was defined as the percentage of peptide bonds in a protein that were cleaved during hydrolysis (Spellmana et al., 2003) . The DH values were calculated as follows: DH% = n × 100 / N, where n is the average number of peptide bonds hydrolyzed and N is the total number of peptide bonds per protein molecule.
Amino acid composition Amino acid composition was determined using procedures modified from the method described by Konosu et al. (1974) . A 10 g natto sample was mixed with 20 mL 12 N HCl and hydrolyzed at 100℃ in a vacuum oven for 24 h. A 5 mL sample of the hydrolysate was then mixed with 15 mL 7% TCA solution and centrifuged by 4000 × g for 10 min at 10℃. The resulting supernatant was mixed with 7% TCA solution to make 50 mL volumetrically. A 20 mL sample of the solution was filtrated through a funnel filter and mixed with 20 mL of ether to remove the TCA solution. This procedure was repeated three times. Finally, the collected solution was freeze dried or evaporated by vacuum distillation to remove the ether residue. The solution was then mixed with extra-pure water to make 20 mL and stored at -20℃ after filtration by a 0.45 μm filter. To take 25 μL of the sample solution or standard solution and then added to 25 μL of distilled water, 50 μL of 100 mM NaHCO 3 buffer (pH8.3) and 200 μL DABSYL-CL solution and mixed well. The mixture was then heated at 70℃ for 15 min, well mixed with 700 μL 50 mM NaHPO 4 , and filtrated through 0.45 μm filter. A 20 μL solution was then used for high performance liquid chromatography analysis.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed following the procedures described by Mujoo et al. (2003) . The total proteins were extracted using procedures modified from De Mejia (2004) . A 20 mg of sample was extracted by mixing with 0.5 mL 0.03 M Tris [Tris (hydroxymethyl) aminomethane] buffer (pH 8.0) containing 0.01 M β-mercaptoethanol (β-ME) for Change in amino acids of the mixed culture fermented product Table 2 shows the change of amino acids in the steamed soybean fermented by the two-step fermentation of R. oligosporus and B. subtilis. In non-fermented cooked soybeans, the highest content of essential amino acid was leucine followed by lysine, phenylalanine, threonine, tyrosin, valine, histidine, and isoleucine in a descending order. Methionine and cysteine had the lowest content. This sequence of amino acid content follows the same trend as the content of amino acids in fermented soybean meal reported by Song et al. (2008) . Glutamic acid had the highest content of the nonessential amino acids, followed by aspartic acid, proline, arginine, serine, alanine and glycine in descending order. The lowest content of nonessential amino acid in this study was tyrosine. This differs from the results for fermented soybean meal, which Song et al. (2008) reported to be proline. Eka (1980) studied the effect of fermentation on the nutrient content of African locust beans and reported that the amino acids increased except for arginine, leucine and phenylalanine. Similar results were reported for other seed legumes (Odunfa, 1985; Sarkar et al., 1998) . During fermentation of of starter culture inoculated. Nitrogen solubility of fermented beans at pH 4.5 and 7.0 increased with the increasing time and level of inoculum added.
The content of TCA-soluble nitrogen obtained from the two-step fermentation was lower than the content of natto fermented by the single starter of B. subtilis. The reason for this result may be due to the growth of R. ologosporus being inhibited by Bacillus subtilis. This phenomenon also observed on electrophoretograms of the fermented soy beans in this study. However, the trends of change in TCA-soluble nitrogen utilizing a single culture and two-step fermentation were the same.
At the first 24 h fermentation, the protein solubility of fermented soybeans from the two-step fermentation was lower than the content of natto fermented by the single starter of B. subtilis, but after 36 and 48 h fermentation the protein solubility of the two-step fermentation product increased 3 and 1.5 times higher than the content of natto fermented by the single starter of B. subtilis. This could be due to the microorganisms and enzymes involved in the two-step fermentation process. from Bacillus and Rhizopus strains hydrolyzed the main soy proteins into large peptides, with subsequent degradation to oligopeptides primarily by peptidase activity in the preparation. When the amino acid composition of tempeh and unfermented soybeans were compared, most of the amino acids changed very little by fermentation: no more than 5-10% decrease or increase (Murata et al., 1967) . Amino acids produced because of protein metabolism are responsible for the gradual pH increase and leveling off towards 7.5-8.0 (Barimalaa et al., 1989; Achi, 1992; Barber and Achinewhu, 1992; Sarker et al., 1997) . The increase in pH into the alkaline range may be physiologically important for fermenting microorganisms.
Degree of hydrolysis of soy protein Fig. 1 shows the change of degree of hydrolysis (DH) of soy protein in the steamed soybean fermented by the two-step fermentation. The result revealed that the DH of soy protein increased with the fermentation time increrased. The change of DH showed the same trend as the result of the single culture of B. subtilis from our previous study (Weng and Chen, 2010) . However, These result also indicated that the DH of soy protein of the two-step fermented product was higher than the single starter culture.
SDS-PAGE pattern of the mixed culture fermented soy protein From our previous study on natto the effect of fermantation time on soy proteins which is fermented with B. subtilis (Weng and Chen, 2010) , It was found those allergens of soy protein subunits all are degraded after 24 h fermentation. It was also found the soy protein components with molecular weight above 20 kDa disappeared from the electrophoretograms for the samples fermented for 24 − 48 melon seeds, alanine, lysine and glutamic acid were the predominant amino acids, with arginine and proline occurring in small amounts (Odunfa, 1983; Aidoo, 1986) .
Contents of amino acids in natto (single starter culture), after 36 h of fermentation, all of the content of amino acids decreased. When the soybeans were fermented for 48 h, most of the essential amino acids increased significantly.
The amino acids contents in the steamed soybean fermented for 36 h by the two-step fermentation of R. oligosporus and B. subtili : (1) all of the amino acids increased, then decreased when the steamed soybeans were fermented for 48 h. (2) resulted in higher amino acids contents, when compared with natto (single starter culture) fermented for 36 h.
(3) which were lower when compared with natto fermented for 48 h. (4) the highest content of essential amino acid was lysine followed by leucine, phenylalanine, valine, isoleucine, threonine, tyrosin, and in descending order. Methionine and cysteine had the lowest content. Histidine disappered in the two-step fermented products after 24, 36, and 48 h fermentation.
From these results it was noted that the changes in the contents of the amino acids after fermentation were fluctuant during fermentation. The changes were not constant. These changes agreed with the phenomenon reported by Gibbs et al. (2004) , they reported on the amino acid composition of soybean before, during and after inoculation by B. subtilis and R. oligosporus, respectively. In the natto, its composition was fairly constant. In the tempeh, however, some residues were changed significantly while other residues remained unchanged. And demostracted that the peptidase activity is clearly different between the two strains, various proteases Fig. 3 shows the changes of soy proteins in the steamed soy beans fermented with the two-step fermentation of R. oligosporus and B. subtilis. The steamed soybeans were fermented by inoculating with R. oligosporus in advance, after 24 h and then inculating with B. subtilis. Although the bands with the molecular weight above 20 kDa of the product obtained from Rhizopus disappeared after 12 h of fermentation, but not showed in the electrophoretograms of the product fermented by the two-step fermentation. The most bands of soy protein components with molecular weight above 20 kDa on electrophoretogram of the product by the two-step fermentation became faint. It meant the concentration of these proteins decreased after 24 h of fermentation. It was also found that the band near the component of molecular weight 34 kDa were faint in density and were almost disappeared after 12 h fermentation. This suggest that the proteolysis rate of the product from the two-step fermentation was larger than when a single strain was used. Or maybe it was possible that the 34 kDa protein was acid soluble but insoluble at higher pH of fermented soybean. This phenomenon needs further study in the future.
In our laboratory, we often found the Rhizopus spps were inhibited by B. subtilis if the fermentor was not sterilized before fermentation. The current finding agree with the reports that the Bacillus species are predominant in fermenting legume proteins (Achi, 1992; Barimalaa et al., 1994; Barber et h. However, the electrophoretic patterns for the uncooked, soaked and cooked samples and the sample fermented for 12 h were similar. The result was the same as the report of Kiers et al. (2000) , but was different from the report of Visessanguan et al. (2005) . We found the reason for the very poor separation of soy protein subunits was not due to autoclave of soybeans, we soaked the sample in the extraction buffer solution overnight at 4℃ before extraction by ultrasonic treatment. Fig. 2 shows the changes of soy proteins in the steamed soy beans inoculated with R. oligosporus during fermentation for 0 to 48 h. The results observed that soy protein components with molecular weight above 20 kDa all disappeared from the electrophoretograms for the samples fermented for 12 h. This result indicates the proteolytic activity of R. oligosporus may be higher than that of B. subtilis. Lin (1972) reported that the steamed soybean fermented by R. thailandensis had the highest protease activity in 24 h of the 4 days fermentation and this organism also produced a large amount of proteases. Although the species are different between the two experiments it can be inferred the same family of organisms may have the same function. , 1998; Omafuvbe et al., 2002) . This suggest that Rhizopus spp can be acceptable in a mixted culture with B. subtilis. If we try to develop a new product such as natto-like or tempeh-like products the two-step fermentation can be used to get the merits of both organisms. However, in such case, we suggest Rhizopus spp should be inoculated in advance, and then B. subtilis.
Conclusion
The steamed soybeans were fermented with the two-step fermentation of R. oligosporus and B. subtilis. The results can be concluded as follows:
The soluble nitrogen content and degree of hydrolysis of soy protein increased with increasing fermenting time, and the proteolysis rate of the product from the two-step fermentation was higher than that of the product fermented by the single starter culture of B. sublitis. The amino acid contents of the steamed soybeans fermented by the two-step fermentation for 36 h were higher than those in the single starter culture of B. sublitis fermented product.
The results suggest Rhizopus spp can be mixed with B. subtilis as a starter culture. If we try to develop a new product such as natto-like or tempeh-like products the two-step fermentation can be used to get the merits of both organisms. The result also suggests that Rhizopus spp is inoculated in advance, and then B. subtilis.
